Background: Ovarian cancer is the fourth most common cancer among women in France, and mainly affects the elderly. The primary objective of this study was to compare treatment of ovarian cancer according to age. Methods: All patients with invasive cancer (n = 1151) diagnosed between 1997 and 2011 in the Herault Department of southern France were included. Demographic data (age, area of residence), cancer characteristics (stage, histology, grade) and treatment modality (type, period and location of treatment) were analysed. Univariate and multivariate logistic regression was used to compare treatment by age. Results: Ovarian cancer was less treated in elderly compared to younger patients, regardless of the type of treatment. This difference was more pronounced for chemotherapy, and was maximal for surgery followed by chemotherapy (odds ratio (OR) for surgery for patients aged >70 vs those aged <70 years = 0.47 [0.24-0.91], OR for chemotherapy, age >70 vs <70 = 0.30 [0.16-0.55] and OR for surgery plus chemotherapy, age >70 vs <70 = 0.14 [0.08-0.28]). This effect of age was independent of other variables, including stage and grade. The probability of receiving standard treatment, in accordance with recommendations, was reduced by 50 % in elderly patients compared to their younger counterparts. Overall and net survival of elderly patients with standard treatment was similar to those of younger patients treated outside standard treatment. Conclusions: Elderly women with ovarian cancer were therapeutically disadvantaged compared to younger women. Further studies including co morbidities are necessary to refine these results and to improve therapeutic management of elderly patients with ovarian cancer.
Background
Cancer is the second leading cause of death in women after cardiovascular disease. In France, the number of new cancer cases increased significantly between 1980 and 2012 [1] . This increase is largely due to the increase in population and aging, which automatically increases the number of cases, particularly those occurring in the elderly. In Western countries, ovarian cancer remains the leading gynecological cause of death [2] . Ovarian cancer represents the 6 th cause of cancer and the 4 th cause of death in women in France. Nearly 4600 new cases are diagnosed, and nearly 3100 women die of this disease annually in France [1] .
Ovarian cancer is a disease that is most common in the elderly, and its incidence increases with age to reach a peak during the 7 th decade of life [3] . The populations in western countries tend to be aging; hence, the number of elderly women needing to be treated for ovarian cancer can be expected to increase [4] .
Prior studies have shown that elderly women, compared to their younger counterparts, are more likely to have a delayed diagnosis or an advanced stage at diagnosis [5] [6] [7] . Furthermore, in elderly patients, the tumor characteristics (such as histology and stage) are often not investigated [8] . Furthermore, treatment of this disease is complex, consisting in consensus-based treatment defined according to stage and tumor grade.
Surgery and/or chemotherapy constitute the cornerstone of ovarian cancer treatment [9] . Such taxing treatment requires good physiological capacity, and many older people may have diminished physiological reserves, especially due to the presence of comorbidities. Consequently, many authors have addressed the issue of treatment of ovarian cancer in older women, highlighting significant disparities in senior health care. Several studies [4, [10] [11] [12] have shown that elderly patients with ovarian cancer have a poorer prognosis compared to their younger counterparts, due in part to undertreatment. Furthermore, when the elderly are treated, standard treatment guidelines are less frequently applied than for younger patients, and the elderly receive less aggressive therapy, even in the absence of comorbidity [13] [14] [15] .
Based on these findings, our study hypothesis was that elderly women with ovarian cancer are under-treated. The main objective of this work was to investigate whether treatment practices differed between elderly women with ovarian cancer and their younger counterparts.
Methods

Study population
This observational study included all ovarian cancer cases (ICD-O-3 code C56.9) (n = 1151) occurring among women diagnosed between January 1997 and December 2011, residing in the Hérault department of southern France. We excluded all patients with borderline tumors.
Data recorded
The tumor registry has existed in the Hérault department since 1983 and covers a population of more than one million inhabitants (1 062 036 according to the 2011 census). The registry records all cases of cancer occurring in this department in a continuous and exhaustive manner. All cases of ovarian cancer included in the present study were validated through systematic verification across original medical records. Demographic data, tumor characteristics (date of incidence, stage and grade at diagnosis) and treatment data (actual treatment given and location of treatment), as well as survival were determined in a reliable manner. This study was approved by two Ethics Committees for studies using human subjects (the Consultative Committee on Data Processing for Medical Research and the National authority for the protection of privacy and personal data) which provided approval to access routinely collected population-based cancer data in Hérault and which advocates that all medical information is confidential and anonymous and the need for individual informed consent was waived on the basis that the registry collects data already available in the patients' medical files.
Variables
Outcome variable
The primary outcome variable analyzed in this study was the type of treatment. Firstly, this variable was used in binary form, i.e. patient had surgery (yes/no) and patient had chemotherapy (yes/no). Subsequently, it was analyzed in the form of treatment sequences or patterns. Four patterns were used (surgery alone, surgery followed by chemotherapy, chemotherapy alone or neo adjuvant, and no treatment). These patterns were derived from treatment guidelines and recommendations corresponding to the existing consensus for the treatment of ovarian cancer. The treatment strategy depended on the tumour stage and grade. Surgery was generally the first line treatment, with a view to full tumour resection. Surgery alone may be sufficient to treat early grade cancers (stages IA/IB and grade 1). For intermediate stage cancers (stages IC, II, III and grades 1-3), surgery is followed by chemotherapy with a view to eliminating any residual cancer cells and reducing the risk of relapse. When the tumour is diagnosed at an advanced stage (stage IV), chemotherapy may be performed before surgery to reduce the size of the tumour before resection, or may be used as a stand-alone approach. Finally, in our last model, we created a binary variable to record whether standard treatment was applied (yes/no), according to whether guidelines-recommended treatment was applied or not.
Explanatory variables
The main explanatory variable in this study was the age at diagnosis, divided into two classes, namely ≤70 years and >70 years old. Other variables considered were demographic data and cancer characteristics (stage, grade, histology). We recorded the area of residence (urban or rural). Tumour stage was recorded and classified into four groups according to the TNM classification system and International Federation of Gynecology and Obstetrics (FiGO) staging system (UICC 6th edition). In our study, tumor histology was classified according the World Health Organization (WHO) classification and grouped into epithelial type; other; or "unknown histology", when there was no microscopic confirmation or no histological testing.
The tumor grade was coded in three categories: welldifferentiated (grade 1), moderately differentiated (grade 2), and poorly differentiated (grade 3) or unknown. The healthcare establishment where the first treatment took place was categorized into: private for-profit clinics, public university teaching center (Public Univ.), public nonacademic (Public non Univ.) and Unknown or Outside the Hérault department (Unknown).
The study period was divided into three classes: before (≤2002), during (2003) (2004) (2005) (2006) (2007) and after (≥2008) the national cancer plan. The national cancer plan mobilizes a national foundation for the organization healthcare and prevention, and provides support for research in the field of cancer. This plan includes the creation of an oncogeriatrics task force responsible for the promotion and coordination of projects in the field of epidemiology, prevention and adaptation of treatments and clinical trials in the elderly population [16] . The variables recorded for survival analysis included the date of diagnosis, the date of last contact and vital status (alive/deceased). Vital status was obtained from National Institute of Statistics and Economic Studies (INSEE) and the National Directory for the Identification of Individuals (RNIPP). The descriptive and comparative part of this study covers the period 1997-2011 and the survival analysis covers the period 1997-2010, with follow-up ending on 30/06/2013. Our descriptive and comparative analysis focuses on 1151 cases and the survival analysis on 1056 cases (692 deaths and 364 censored).
Statistical analysis
The chi square or Fisher's exact test were used, as appropriate, to compare cancer characteristics according to age. Univariate and multivariate analysis using logistic regression were used to identify the association between treatment (Surgery and Chemotherapy: yes/No) and age, adjusted for other factors such as stage, grade, histological research, treatment location, and area of residence. Multivariate logistic regression was used to analyze the treatment pattern (surgery alone, surgery followed by chemotherapy, chemotherapy alone or neo-adjuvant chemotherapy, vs. no treatment) according to age. The Kappa test was used to assess agreement between the treatment administered and the treatment recommended by current guidelines. Overall survival was estimated according the Kaplan-Meier method. Net survival (survival if the cause of death under consideration was the only cause of death) is now recommended as a substitute for relative survival methods in current use, to evaluate population-based cancer survival [17, 18] . We estimated net survival using the non-parametric Pohar Perme estimator [19] , which is based on the mortality rate of the general population and provides unbiased estimates of net survival. Overall survival curves were compared using the log rank test. All tests were twosided and a p-value <0.05 was considered statistically significant. A Cox regression model was used to estimate hazard ratios for overall mortality, with adjustment for age and other confounding factors including grade and stage. We verified the conditions of application of the model by testing the proportionality of risks. All statistical analyses were performed with the R software package. Net survival analysis was performed using the "relsurv" package specific to relative survival analysis.
Results
Among 1151 women diagnosed with invasive ovarian cancer, 38.9 % were elderly (≥70 years old). The average age was 64.7 years, median age was 66 years. Table 1 shows the characteristics of ovarian cancer according to age at diagnosis. Compared to younger women, elderly patients more frequently had their cancer diagnosed at a more advanced stage (p <0.0001); 12 % of elderly women presented stage I, compared to 24.5 % for younger women. Histological testing was often not performed or unknown in elderly women (p < 0.001) and the cancer grade was also more often unknown (p < 0.001). Younger women tended to be treated in Public university hospitals, whereas elderly patients tended to be treated in private clinics, although the difference was not statistically significant (p = 0.06). The period of diagnosis and the area of residence did not differ according to age. Tables 2 and 3 show the associations between treatment (surgery or chemotherapy) and age, and other potential confounding factors. Compared to their younger counterparts, elderly women less often underwent surgical treatment (60.9 % versus 89.6 %, p < 0.001) and chemotherapy (57.4 % versus 76.4 %, p < 0.001). After adjustment for cancer characteristics (stage, grade, histology and other adjuvant treatments), we observed that elderly women were 3.6 less likely to have surgical treatment (OR = 0.28 [0.19-0.41]) and three times less likely to undergo chemotherapy (OR = 0.34 [0.24-0.48]).
Based on the assumption that the association between treatment and age could differ according the stage at diagnosis, we performed a stratified analysis, which showed that the association between age and surgery was significantly different according to cancer stage. For early stages I-II, surgical treatment did not differ according age (OR >70 vs ≤70 = 0.17 [0.01- . The association between chemotherapy and age was also stratified according stage at diagnosis, but there were no significant differences. The regression models including an interactive term between age and stage confirmed the findings of our stratified analysis.
With the exception of the area of residence, all variables were significantly related to the three different treatment pathways (surgery alone, surgery + chemotherapy, chemotherapy alone or neo-adjuvant) ( Table 4 ). Multivariate regression adjusted for cancer characteristics (stage, grade, histology), treatment location and period of diagnosis showed that there was a significant difference between elderly patients and their younger counterparts in terms of all treatment sequences. Regardless of the treatment pattern, elderly patients received less treatment. We observed a gradient effect ] chance, p <0.001. By univariate analysis, the variables associated with the application of standard (guidelines-recommended) treatment were age (p <0.0001), stage (p = 0.0019) and histology (p = 0.0443). Multivariate analysis showed that elderly patients had more than 50 % less likelihood of receiving guidelines-recommended therapy (OR = 0.48 [0.36-0.64]) ( Table 5 ).
For the survival analysis, 1056 women were followed between 1997 and 2010, including 692 deaths and 364 censored. The median was 39.4 months for overall survival, and 39.9 for net survival. Overall and net survival plotted by the Kaplan Meier stratified according to the implementation (or not) of standard guidelines-recommended therapy, showed that elderly patients had poorer survival than younger patients (log-rank test p < 0.001), all the more so when guidelines-recommended was not administered in the elderly ( Fig. 1a and b ). Use of guidelinesrecommended therapy improved survival in elderly women, bringing it up to a level almost equivalent to survival in younger women who did not receive guidelines-recommended treatment. There was no significant difference in use of guidelines-recommended therapy in older vs younger women for survival durations <10 years (p = 0.20). However, a significant difference was observed when overall survival exceeded 10 years (p = 0.02) and a trend towards a difference was observed for net survival (p = 0.08). In a Cox regression model for overall mortality, including terms for age, stage, grade, histology and standard of treatment (Table 6) , older age (>70 years) was associated with an almost twofold increase in the risk of death, and stage III and stage IV disease were associated with significantly greater risks of death compared with stage I disease (hazard ratios of 3.8 and 5.2, respectively). Application of standard (guidelines-recommended) therapy was also associated with a significant reduction in the relative risk of death 
Discussion
Our study shows that elderly women with ovarian cancer receive less treatment than their younger counterparts, regardless of the type of treatment considered. We found that the difference between age groups was greater for chemotherapy than for surgery, and was highest for the combination of surgery plus chemotherapy. The cancer characteristics being equal, elderly women had less chance of receiving standard therapy, i.e. the recommended treatment by current guidelines. Elderly patients in whom guidelines-recommended treatment was not applied had poorer likelihood of survival as compared to elderly patients who received guidelines-recommended therapy, and as compared to younger women. In line with previous reports [4-6, 13, 20, 21] , our findings also show that ovarian cancer in elderly women were more often discovered at an advanced stage as compared to younger women, and are less often submitted to histological testing. We found that elderly women with ovarian cancer were three times less likely to have chemotherapy than younger women. As regards surgery, elderly patients were 3.6 times less likely to have surgical treatment than their younger counterparts. The association between surgical treatment and age was different according to cancer stage at diagnosis, since treatment differences were age-related for the higher stages rather than lower stages. Our results are in line with several previous studies [4, 5, 11, 13, 14, 22] , and in particular, our findings are concordant with two recent studies [11, 13] showing that age is an independent predictor of non-administration of either surgery or chemotherapy.
Despite medical progress, and the introduction of a national cancer plan by the French government in 2003 to promote better management of cancer patients and highlight the problem of health inequity, our study, like several others [5, 11, 13, 14, 20] , found that elderly patients were less likely to be treated as aggressively as younger patients. The association between treatment and age showed a gradient effect linked to the use of chemotherapy. Indeed, compared to younger patients, elderly women had less surgery, and the chances of being treated decreased even more when chemotherapy was the treatment of choice, and even further still when chemotherapy was combined with surgery. Furthermore, we showed than standard guidelines-recommended therapy was less frequently applied in the elderly, and hence, elderly patients were 50 % less like to receive standard therapy than younger patients. The reasons for this discrepancy could be related to more advanced disease, or to functional impairment in the elderly, which may be incompatible with implementation of recommended treatment. However, some studies have reported that age remains an independent predictor of under-treatment. Recent reports [4, 11, 14, 23] have [14] . This suggests that under treatment cannot be explained by poorer functional status in elderly patients. Other potential explanatory factors could include patient and/or physician choices.
The strengths of this study include its 14 year coverage of all cancer cases in the Herault Department, the relatively large size (1151 incident cases) and its populationbased nature. We analyzed the variable "treatment" in the form of treatment sequences, which is rarely found in the literature, and confirmed our hypothesis that elderly women with ovarian cancer are under-treated. Another strongpoint is the use of a variable to take compliance with guidelines into account, by evaluating the application of guidelines-recommended therapy. This variable allowed us to highlight that older women were two times less likely to receive guidelines-recommended treatment than younger women, and this had a deleterious effect on overall survival. Indeed, overall survival in elderly women who did not receive standard treatment was worse than overall survival younger women, but it was also worse than elderly women who did receive standard treatment.
Our study suffers from some limitations. The analysis did not take into account factors such as comorbidities or functional status because these variables were not available in the registry. However, the fact that overall survival in this study was similar to the net survival (defined as the survival that would be observed if cancer was the only possible cause of death) suggests that the effect of comorbidities could be negligible, and probably did not modify the independent effect of age on treatment.
In our study, we chose to present the results in terms of net survival, as calculated using the Pohar Perme estimator [19] . This estimator of net survival has been shown in the literature to be more appropriate for registry data [17, 18] . This is due to the fact that classical "relative-survival" methods used to estimate net survival provide biased estimates. The Pohar-Perme net survival estimator may be prone to random variation and result in biased estimates when exact follow-up times are not available, or when follow-up is incomplete [24] . However, this situation is avoided in our study, since survival data (i.e. follow-up times) recorded in the registry was exhaustive, we have exact data on the number of deaths or patients lost to follow-up, with the exact dates when the events occurred. Our analysis is therefore not at risk of biased estimates, since the exact follow-up times are known, and the follow-up is fully complete.
Second, there was a considerable proportion of missing data. However, our data show that diagnostic tests (grade, stage, histology) are more often overlooked in elderly patients vs their younger counterparts. The fact that there are many patients with unknown histology or unknown grade is precisely the reflection of this phenomenon, as this indicates that the diagnosis is not pursued in detail to obtain this information in elderly patients. This could also be explained by the fact that the group of patients who underwent surgery comprises patients who had surgery after having chemotherapy, which may render analysis of the surgical specimens more difficult, or even impossible, thus leading to more missing data.
Furthermore, no information about the reasons for non-treatment, or the treatment modalities (e.g. type of surgery: complete or incomplete debulking) was available in our data. As highlighted by literature data [25] , there exist large inequalities in access to healthcare and this is particularly valid for the elderly. We cannot exclude the fact that elderly patients differ with respect to their tolerance of treatment and their comorbidities, and some elderly patients might yield benefit from more aggressive therapy than they actually receive in reality. Previous studies [21, 26, 27] have indicated that in general, the elderly tolerate surgery well and are able to tolerate chemotherapy in the same conditions and modalities (schedule, dosage, complete courses…) as their younger counterparts. Therefore, age itself does not constitute the sole reason for withholding treatment. Although age was found to have an independent effect on undertreatment in our study, further research is warranted to evaluate whether this effect persists when individual comorbidities and treatment patterns (e.g. type of surgery, duration of treatment, completion of treatment,…) are accounted for, as these are all factors that may contribute to under-treatment of elderly patients.
Other variables that were not available in our study may also influence the association between treatment and age. One study reported that being cared for by a gynecologic oncologist influenced the type of treatment administered, and for advanced stages (FIGO III or IV), treatment by a gynecologic oncologist increased the probability of receiving chemotherapy twofold [10] . Other variables such as marital status or socio-economic status also deserve be taken into account, since some studies have suggested that single people or people with a low level of education are more likely to have chemotherapy [15] .
Conclusion
In conclusion, our study showed that elderly were under treated. For similar cancer characteristics, the probability of undergoing guidelines-recommended treatment was twotimes lower in elderly patients compared to the younger counterparts. Elderly patients have improved likelihood of survival when recommended treatment is applied. Further research, however, is warranted to investigate whether the independent effect of age persists in the presence of comorbidity. Acknowledging the under-treatment of elderly patients constitutes a first step in the broader process of improving therapeutic management of these patients. Several possibilities for improving patterns of care have been proposed. Geriatric assessment could help determine which patients are too frail to undergo standard treatment, and is essential for the initiation of treatment, particularly burdensome therapy.
